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enhancement effect on the Nusselt number compared with outermost ﬂow direction. The decrease
of ﬁn pitch enhances the Nusselt number on expense of pressure drop. Decreasing the curvature
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for predicting the friction factor and the Nusselt number for air ﬂow across the spiral coils have
been regressed based on the obtained data in the present experiments.
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lsevier1. Introduction
Coiled tubes have higher heat transfer coefﬁcient and smaller
space requirement compared with straight tubes. Coiled tubes
are the most widely used tubes in several heat transfer applica-
tions, for example, air conditioning and refrigeration systems,
heat recovery processes, chemical reactors, and food and dairy
processes. Helical and spiral coils are well known types of
coiled tubes that have been used in a wide variety of applica-
tions. Moreover a number of papers are currently available
on the helically coiled tube. It can be noted that the theoretical
Nomenclature
Symbol Description
A area (m2)
C speciﬁc heat (kJ kg1 K1)
D diameter (m)
De Dean number
f friction factor
h heat transfer coefﬁcient (W m2 K1)
H manometer head (m)
K thermal conductivity (W m1 K1)
L length (m)
_m mass ﬂow rate (kg s1)
n number of coil turn
N number of ﬁns
Nu Nusselt number
p pressure (N m2)
Dp pressure drop (N m2)
Pr Prandtl number
_Q heat transfer rate (kW)
Q/PP heat transfer per unit pumping power
Re Reynolds number
t thickness of the ﬁn (m)
T temperature (C)
U overall heat transfer coefﬁcient (W m2 K1)
v velocity (m s1)
w width of ﬁn (m)
Greek symbol
b curvature ratio
e effectiveness
g efﬁciency (%)
h manometer inclination angle ()
k pitch (m)
l viscosity (kg m1 s1)
q density (kg m3)
B diameter of spiral coil (m)
Subscripts
a air
a average
b bulk
F ﬁn
h hydraulic
i inside
in inlet
m manometer
min minimum
max maximum
o outside
p pressure
s surface
sc spiral coil
t total
tu tube
w water
wall wall
50 A. Gomaa et al.and experimental investigations found in the literature focused
on the study of the heat transfer and ﬂow characteristics in a
helical coiled tube.
Turbulent ﬂow and convective heat transfer in a spirally
coiled tube are complicated as comparing with the straight
tube. This is due to the heat transfer and ﬂow developments
in the coiled tube that strongly depend on the behavior of sec-
ondary ﬂow. The secondary ﬂow in the coiled tube is caused by
the centrifugal force.
Many different open literatures discuss the coiled tubes, due
to the curvature of the tubes, as ﬂuid ﬂows through curved
tubes, centrifugal force is generated. A secondary ﬂow induced
by the centrifugal force has signiﬁcant ability to enhance the
heat transfer rate. Dravid et al. [1] investigated numerically
the effect of secondary ﬂow on laminar ﬂow heat transfer in
helically coiled tubes. Patankar et al. [2] discussed the effect
of the Dean number on friction factor and heat transfer in
the helically coiled pipes. Yang et al. [3] presented a numerical
model to study laminar convective heat transfer in a helicoidal-
ly pipe having a ﬁnite pitch. Rennie and Raghavan [4] simu-
lated the heat transfer characteristics in a two-turn tube in-
tube helical coil heat exchanger. The use of both active and
passive techniques to enhance the heat transfer rate was re-
ported by Cengiz et al. [5]. They studied the effect of rotation
of helical pipes on the heat transfer rates and pressure drop for
various air-ﬂow rates. In their second paper [6], the heat
transfer and pressure drop in a heat exchanger constructedby placing spring shaped wire with varying pitch were studied.
The results indicated that the Nusselt number increased with
decreasing pitch/wire diameter ratio. Kalb and Seader [7] car-
ried out a theoretical study on the effect of the curvature ratio
(radius of bend/inside radius of tube) on fully developed heat
transfer in curved tubes with a uniform-wall-temperature. Na-
phon and Suwagrai [8] investigated the effect of curvature ra-
tios on the heat transfer and ﬂow developments in the
horizontal spirally coiled tubes experimentally and numeri-
cally, which concluded that, due to the centrifugal force, the
Nusselt number and pressure drop obtained from the spirally
coiled tube are higher than those from the straight tube. The
inﬂuences of centrifugal and buoyancy forces on the fully
developed laminar ﬂow in horizontal and vertical curved pipes
under constant temperature gradient in the direction of the
axis were studied by Yao and Berger [9]. Prusa and Yao [10]
considered the combined effects of both buoyancy and centrif-
ugal forces on the ﬂow ﬁeld and temperature distribution in
ﬂow for horizontal heated curved tubes. The numerical results
indicated that the mass ﬂow rate was drastically reduced be-
cause of the secondary ﬂow.
Naphon and Wongwises [11] studied experimentally and
numerically the heat transfer characteristics of a compact spiral
coil heat exchanger, they found reasonable agreement between
the results obtained from the experiment and those from the
developed model. Due to the complexity of heat transfer and
ﬂow developments in spirally coiled tube, investigations on heat
Thermal performance of the chilled water spirally coiled ﬁnned tube in cross ﬂow for air conditioning applications 51transfer in spiral-coil heat exchangers have received compara-
tively little attention in the literatures, as far as the authors
know.
The main concern of the present work is to study the heat
transfer and ﬂow characteristics of spirally coiled tube in cross
ﬂow, which are used in air conditioning applications. Effects of
curvature ratio, ﬁn pitch, ﬂow direction of chilled-water ﬂow
rate and pressure drop on heat transfer and ﬂow characteristics
are discussed and compared with those of ﬂat bare and ﬁnned
spiral coils in cross ﬂow inside wind tunnel. Moreover, the
present results are compared with available results in the
literature.
2. Experimental apparatus and procedure
The experimental set up was composed of three cycles which
are; open loop air passage, R-22 Refrigeration cycle, and
chilled water loop cycle. The experiments were conducted in
a Plexiglas wind tunnel. The experimental test rig consists of
a circular duct of 0.4 m diameter, 5 m length and 1.25 m height
above ground equipped with a suction centrifugal fan as
shown in Fig. 1. The fan motor has a power of 3.67 kW and
it was linked with a variable speed frequency inverter having
a capability to ﬁne tuning the air velocity. The average air
velocity in the test section is varied from 1.4 m/s to 9.6 m/s cor-
responding to Reynolds numbers from 35,500 to 245,000. Spi-
rally coiled tubes that were located in the test section of the
wind tunnel to construct a cross ﬂow with air passage as illus-
trated in Fig. 2.
The close-loop of chilled water consists of a 0.1 m3 storage
insulated tank, and a refrigeration system which was con-
trolled by adjusting thermostat to satisfy the supply water
temperature to the heat exchanger. The chilled water wasFigure 1 Schematic diagramgenerated by the refrigeration system which was adjusted to
the desired temperature using a temperature controller.
Six spiral-coils were designed and manufactured to perform
this investigation. The total number of the test runs was 648
runs to get the results for the present study. The details of
the geometry of the spiral coil test section are illustrated in
Fig. 3. The geometric parameters of the spiral coils are pro-
vided in Table. 1. The chilled water was pumped from the stor-
age tank to the spiral coil using 1 HP centrifugal pump and the
ﬂow rate was controlled by a ball valve and a ﬂow meter with
an accuracy of ±0.5% of full scale. The spiral coil surface tem-
peratures were measured in 26 positions distributed along the
perimeter of the spiral coil with K-type thermocouples as
shown in Fig. 4. Before installation, all the thermocouples were
calibrated at a number of temperatures against standard preci-
sion thermometer. Two groups of spirally coiled tube were
used to satisfy the study, the ﬁrst group is bare coils with dif-
ferent tube pitches, and the other one is ﬁnned coils with dif-
ferent ﬁn pitches as shown in Fig. 5.
Before any data were recorded, the system was allowed to
approach the steady state. Sufﬁcient time was allowed to get
the experimental measured parameters stabilized, which was
observed to be about 40–50 min. Temperatures at each posi-
tion and pressure drops were averaged over a time period.
3. Measuring techniques
The chilled water temperature was controlled and supplied to
the heat exchanger with a temperature of 5 ± 0.5 C. The inlet
and the outlet temperatures of the water side were measured
using two shelled pre-calibrated K-type thermocouples. A four
grid points of the K-type thermocouple probes were ﬁxed on
the upstream and downstream of the test section, respectivelyof the experimental setup.
Figure 2 Photograph of the spiral coil inside the test section.
Figure 3 Schematic diagram of the spiral coil conﬁguration.
Figure 4 Photograph of thermocouples distribution along the
spirally coiled tube surface.
52 A. Gomaa et al.to measure the air temperatures. All thermocouples were con-
nected, via a switching box, to a digital thermometer. The
water ﬂow rate was measured using a ﬂow meter with range
of 1.8–18 l/min. The velocity proﬁle of the air through the duct
section was identiﬁed according to ASHRAE recommenda-
tions, [12] by hot wire anemometer with an accuracy of
±0.01% of full scale to get the average air velocity. The pres-
sure drop of air a cross the heat exchanger (air side) was mea-
sured using an inclined manometer using a ﬂuid known asTable 1 Dimensions of the spirally coiled tubes.
Parameters Coil-A Coil-B
Outer diameter of tube, Do (mm) 9.60 9.60
Inner diameter of tube, Di (mm) 8.00 8.00
Length of spiral coils, L (mm) 4580 4200
Pitches of spiral coil, ksc (mm) 18 20
Curvature ratios (rt/rc), b 0.027 0.030
Number of coil turns, nt 5 5
Number of ﬁns, NF 0 0
Dim. of ﬁn (LF ·WF · tF) (mm) 0 0
Pitch of ﬁns, kF (mm) 0 0Cyclo-hexane with chemical composition of CH2 (CH2)4
CH2, and its speciﬁc gravity is 0.7. The experimental program
for the present study is given in Table 2.
4. Measurements uncertainties and accuracy
The experimental error analysis indicates the implication of er-
ror of the measured parameters on the uncertainty of the re-
sults. A detailed analysis of the various experimental
uncertainties is carried out using the differential approxima-
tion method for error analysis [13]. The accuracy and uncer-
tainty of the measurement are given in Table 3.Coil-C Coil-D Coil-E Coil-F
9.60 9.60 9.60 9.60
8.00 8.00 8.00 8.00
4000 4580 4580 4580
30 18 18 18
0.040 0.027 0.027 0.027
5 5 5 5
0 24 36 72
0 170 · 3 · 1.3
0 33 22 11
Figure 5 Photograph of the spiral ﬁnned cooling coil.
Table 3 Experimental uncertainty.
Instruments Unit Uncertainty (%)
Rotameter kg/s ±1.43
Thermocouple K-type C ±0.18
Inclined manometer mm ±1.61
Hot wire velocity m/s ±1.55
Water gauge pressure Bar ±4.67
Air heat transfer rate kW ±5.83
Water heat transfer rate kW ±4.69
Air Reynolds number – ±4.59
Air friction factor – ±5.23
Air Nusselt number – ±8.61
Table 2 Experimental conditions.
Variables/unit Range No. of readings
Inlet-chilled water
temperature, C
5 ± 0.5 C Constant
Inlet air velocity, m/s 1.40 6 va 6 9.60 12
Chilled water mass
ﬂow rate, kg/s
0.05 6 mw 6 0.14 6
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The data reduction of the measured results is summarized in
the following procedures.
Heat transferred to the air side, _Qa in the test section can be
calculated as:
_Qa ¼ _maCpaðTai  Tao Þ ð1Þ
Heat transferred to the cold water side, _Qw in the test section
can be calculated as:
_Qw ¼ _mwCpwðTwo  TwiÞ ð2Þ
The average heat transfer rate, _Qa used in the calculation was
determined from the cold water side and air side as follows
[14]:
_Qa ¼ 0:5ð _Qa þ _QwÞ ð3ÞThe tube side (water side) heat transfer coefﬁcient hw can be
calculated from the Gnielinski semi-empirical correlation Gni-
elinski [15]:
hw ¼ K
Di
  ðfi=8ÞRePr
1þ 12:7 ﬃﬃﬃﬃﬃﬃﬃﬃfi=8p ðPr2=3  1Þ
Prb
Prwall
 0:14
fi ¼ ½0:3164=Re0:25 þ 0:03b0:5 lwalllb
 0:27 ð4Þ
The dimensionless group, Rea and Nua can be determined
from the following equations:
Rea ¼ qDhl
Nua ¼ haDh
K
ð5Þ
The overall heat transfer coefﬁcient, Uo can be determined as
follows:
Uo ¼
_Qa
AtðLMTDÞF ð6Þ
An outside heat transfer coefﬁcient (air side), ha is usually ob-
tained from the overall heat transfer coefﬁcient by the follow-
ing equation:
1
UoAt
¼ 1
AthagS
þ lnðDo=DiÞ
2pKLs
þ 1
Aihw
ð7Þ
Surface efﬁciency, gS is calculated as a function of ﬁn efﬁciency
by the following equation:
gS ¼ 1
AF
At
ð1 gFÞ ð8Þ
The ﬁn efﬁciency, gF is calculated by the following equation:
gF ¼
tanh aL
aL
ð9Þ
where a is a variable, which calculated by the following
equation:
a ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
hoP
KFAC
s
¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2ho
KFtF
s
ð10Þ
The friction factor for air across the spiral coil, fa calculated
from the following equation:
fa ¼ 2Dpa
qaV
2
a
ð11Þ
The heat transfer per unit pumping power for air side, Q
Pp
can
be calculated by:
Q
Pp
¼ CpaDTa½DPa=qa
ð12Þ
The effectiveness of the heat exchanger, e can be calculated
from the following equation:
e ¼
_Qa
_Qmax
¼
_Qa
½ð _mCpÞmin:ðTai  TwiÞ
ð13Þ6. Results and discussion
The air-side heat transfer, heat transfer per unit pumping
power, and friction characteristics of all tested samples were
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Figure 7 Air friction versus air Reynolds number for different
curvature ratios at mw = 0.083 kg/s.
54 A. Gomaa et al.determined from the experimental data. The spiral coil perfor-
mance and heat transfer characteristics examined in this study
at different curvature ratios of (0.027, 0.030 and 0.040) and dif-
ferent ﬁn pitches of (11, 22 and 33 mm) corresponding to spi-
rally coiled central angle of (10, 20 and 30), respectively.
The air Nusselt number of the spirally coiled tubes is plot-
ted versus air Reynolds number for three different curvature
ratios as shown in Fig. 6 for a range of 35,500 6 Rea 6 245,000
at a constant chilled water mass ﬂow rate of 0.083 kg/s. It can
be seen from the ﬁgure that the air Nusselt number of the spi-
rally coiled tubes increases with the increase of air Reynolds
number for all cases. Moreover, decreasing the curvature ratio
increases the air Nusselt number at the same air Reynolds
number. For the same values of chilled water mass ﬂow rate
0.083 kg/s, at constant average air velocity of va = 5.7 m/s
(Rea= 144,000), the air Nusselt number for the spirally coiled
tube-A with curvature ratio of b= 0.027 is higher than that of
coil-C with curvature ratio b = 0.040 by approximately
33.7%. This can be attributed to the effect of the coil pitch
(ksc) of the spirally coiled tube, as decreasing the coil pitch
means increasing of the spiral coil length and increasing of cen-
trifugal force which enhances the heat transfer coefﬁcient. This
result is conﬁrmed by Naphon and Suwagrai [8], they men-
tioned that, due to higher radius curvature, the centrifugal
force also increases. Therefore at a given water mass ﬂow rate,
the average Nusselt number for lower curvature ratio are high-
er than those for higher ones across the range of water mass
ﬂow rate.
The air side friction factor of the spirally coiled tubes is
plotted versus air Reynolds number as illustrated in Fig. 7
for a range of 35,500 6 Rea 6 245,000 at a constant chilled
water mass ﬂow rate of 0.083 kg/s. From the ﬁgure it is noticed
that the friction factor of the spirally coiled tubes decreases
with the increase of air Reynolds number for all cases. Also,0
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Figure 6 Air Nusselt number versus air Reynolds number for
different curvature ratios at mw = 0.083 kg/s.it is seen that for the same air Reynolds number, decreasing
the curvature ratio increase friction factor. For the same value
of chilled water mass ﬂow rate 0.083 kg/s, the friction factor of
air side for the spirally coiled tube-A with curvature ratio of b
= 0.027 is higher than that of coil-C with curvature ratio of
b = 0.040 by approximately 18.2%. This can be attributed
to the effect of the coil pitch (ksc) of the spirally coiled tube,
as decreasing the coil pitch tends to increase the tube length
and increases the surface area which affects the friction factor.
This is in agreement with Wena and Ho [16] who reported sim-
ilar conclusion.
Effectiveness is used to evaluate the performance of the spi-
rally coiled heat exchanger. The effectiveness of the spirally
coiled tubes against air Reynolds number are illustrated in
Fig. 8 for a range of 35,500 6 Rea 6 245,000 at a constant
chilled water mass ﬂow rate of 0.083 kg/s. The results indicated
that the effectiveness decreases with the increase of air Rey-
nolds number for all cases. Also, it is noted that the effective-
ness increases with decreasing of curvature ratio. For the same
values of average air velocity of va = 5.7 m/s (Rea= 144,000),
the effectiveness of the coil-A with curvature ratio of b= 0.027
is higher than that of coil-C with curvature ratio of b= 0.040
by approximately 33.6%.
The effect of water ﬂow direction on air Nusselt number of
the spirally coiled tubes is shown in Fig. 9 for a range of
35,500 6 Rea 6 245,000 at a constant chilled water mass ﬂow
rate of 0.083 kg/s. The ﬁgure indicates that, the air Nusselt
number for the spirally coiled tube-A with curvature ratio of
b = 0.027 and innermost inlet ﬂow direction is higher than
the case of outermost inlet ﬂow direction by approximately
49.7% for the same values of average air velocity of
va = 5.7 m/s (Rea = 144,000).
The relation between heat transfer per unit pumping power
(Q/Pp) of the spirally coiled tubes and air Reynolds number is
shown in Fig. 10 for a range of 35,500 6 Rea 6 245,000 at a
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Figure 8 Effectiveness versus air Reynolds number for different
curvature ratios at mw = 0.083 kg/s.
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Figure 9 Air Nusselt number versus air Reynolds number for
different water ﬂow direction at mw = 0.083 kg/s.
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Figure 10 Heat transfer per unit pumping power versus air
Reynolds number for different water ﬂow direction at mw =
0.083 kg/s.
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Figure 11 Effectiveness versus air Reynolds number for different
water ﬂow direction at mw = 0.083 kg/s.
Thermal performance of the chilled water spirally coiled ﬁnned tube in cross ﬂow for air conditioning applications 55constant chilled water mass ﬂow rate 0.083 kg/s. It is clear that
the heat transfer per unit pumping power of the spirally coiled
tubes decreases with the increase of air Reynolds number for
all cases. At constant average air velocity of va = 5.7 m/s
(Rea = 143,990), the heat transfer per unit pumping power
for the spirally coiled tube-A with curvature ratio of
b = 0.027 and innermost inlet ﬂow direction is higher than
that of outermost inlet ﬂow direction by approximately 55.8%.Fig. 11 shows the relation between the effectiveness (e) of
the vertical cross ﬂow spirally coiled tubes and air Reynolds
number at a constant chilled water mass ﬂow rate of
0.083 kg/s. It can be seen from this ﬁgure that the effectiveness
of the spirally coiled tubes decreases with the increase of air
Reynolds number for all cases. For the same values of average
air velocity of va = 5.7 m/s (Rea = 144,000), the effectiveness
for the spirally coiled tube heat exchanger-A with curvature
ratio of b = 0.027 and innermost inlet ﬂow direction is higher
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56 A. Gomaa et al.than that of outermost inlet ﬂow direction by approximately
40.2%.
The relation between air Nusselt number of the spirally
coiled tubes and air Reynolds number for a range of
35,500 6 Rea 6 245,000 at a constant chilled water mass ﬂow
rate of 0.083 kg/s is shown in Fig. 12. It is understood that
the air Nusselt number increases with the increase of air Rey-
nolds number for all cases. Also, it is clear that decreasing the
ﬁn pitches increases the air Nusselt number for the same (Rea).
For the same values of average air velocity of va = 5.7 m/s
(Rea= 144,000), the air Nusselt number of the coil-F with
ﬁn pitches of kF = 11 mm, corresponding to the spiral coil cen-
tral angle of 10 is higher than that of coil-A without ﬁns kF
= 0 by approximately 21.3%. This is due to the effect of the
ﬁn pitch (kF) of the spirally coiled tube, which increases the to-
tal exposed surface area of the coil.
The air heat transfer coefﬁcient of the vertical cross ﬂow
spirally coiled tubes is plotted versus air pressure drop in
Fig. 13 for a range of 4.1 6 Dpa 6 38.1, corresponding to air
velocity range of 1.4 6 va 6 9.6 at a constant chilled water
mass ﬂow rate of 0.083 kg/s. It is clear that the air heat transfer
coefﬁcient increases with the increase of air pressure drop for
all cases. Moreover, decreasing the ﬁn pitches (kF) increases
the air heat transfer coefﬁcient at the same air mass ﬂow rate
(ma). For example, at a pressure drop of Dpa = 20.9 Pa
(va = 5.7 m/s), the air heat transfer coefﬁcient of the coil-F
with ﬁn pitches of kF = 11 mm is higher than that of coil-A
without ﬁns kF = 0 by approximately 21.2%. These results
due to the ﬁn pitch effect of the spirally coiled tube.
The effectiveness of the spirally coiled tubes is plotted ver-
sus air Reynolds number as illustrated in Fig. 14 for a range of
35,500 6 Rea 6 245,000 at a constant chilled water mass ﬂow
rate of 0.083 kg/s. It can be seen from this ﬁgure that the
effectiveness decreases with the increase of air Reynolds0
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Figure 12 Air Nusselt number versus air Reynolds number for
different ﬁn pitches at mw = 0.083 kg/s.
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Figure 14 Effectiveness versus air Reynolds number for different
ﬁn pitches at mw = 0.083 kg/s.number for all cases. This conﬁrms the opinion of Wongwises
and Naphon [17] who stated that the effectiveness decreases
with the increase of air mass ﬂow rate or Reynolds number.
Also, it is noted that the effectiveness increases with increasing
of ﬁn pitches (kF). For the same values of air Reynolds number
of Rea = 144,000 (va = 5.7 m/s), the effectiveness of the
coil-F with ﬁn pitches of kF = 11 mm corresponding to the
spiral coil central angle of 10 is higher than that of coil-A
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Figure 16 Air friction factor versus air Reynolds number for
different ﬁn pitches at mw = 0.083 kg/s.
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attributed to the effect of ﬁn pitch of the spirally coiled tube
as increasing the number of ﬁns increases the heat transfer sur-
face area. The air pressure drop of the vertical cross ﬂow spi-
rally coiled tubes is plotted versus average air velocity as
illustrated in Fig. 15 for a range of 1.4 6 va 6 9.6 at a constant
chilled water mass ﬂow rate of 0.083 kg/s. It can be seen from
this ﬁgure that the air pressure drop increases with the increase
of average air velocity for all cases. For the same values of
average air velocity va = 5.7 m/s. As seen the air pressure drop
increases with decreasing the ﬁn pitch, for example, the air
pressure drop of the coil-F with ﬁn pitches of kF = 11 mm is
higher than that of coil-A without ﬁns kF = 0 by approxi-
mately 10.9%. This can be attributed by the disability of the
ﬁns to air ﬂow through the spirally coiled tube. The air friction
factor of the vertical cross ﬂow spirally coiled tubes is plotted
versus air Reynolds number as illustrated in Fig. 16 for a range
of 35,500 6 Rea 6 245,000 at a constant chilled water mass
ﬂow rate of 0.083 kg/s. It is noticed that the air friction factor
decreases with the increase of air Reynolds number for all
cases. For the same values of average air velocity
va = 2.54 m/s, the friction factor of the coil-F with ﬁn pitches
of kF = 11 mm corresponding to the spiral coil central angle of
10 is higher than that of coil-A without ﬁns kF= 0 by approx-
imately 2.9%.
Fig. 17 shows the relation between the effectiveness of the
spirally coiled tubes and air Reynolds number at a constant
water Reynolds number (Rew) of 25,300 for Srisawad and
Wongwises [18] study and the present study. It can be seen
from this ﬁgure that the effectiveness of the spirally coiled
tubes decreases with the increase of air Reynolds number for
all cases. Moreover, Fig. 18 shows the relation between the
air Nusselt number of the spirally coiled tubes and air
Reynolds number at a constant water Reynolds number of
25,300 for Srisawad and Wongwises [18] study and the present0
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Figure 15 Air pressure drop versus air velocity for different ﬁn
pitches at mw = 0.083 kg/s.
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Figure 17 Effectiveness versus air Reynolds number for different
studies.study. It can be seen from the ﬁgure that the air Nusselt
number of the spirally coiled tubes increases with the increase
of air Reynolds number for all cases.
Useful correlations to the practical applications for predict-
ing the friction factor and the average Nusselt number for air
ﬂow across the spiral coils have been derived in terms of air
Reynolds number Rea, water Reynolds number Rew, curvature
ratio b, and number of ﬁns Nf.
0100
200
300
400
500
600
700
800
900
1000
0 50000 100000 150000 200000 250000
Reynolds number, Rea
N
us
se
lt 
nu
m
be
r, 
N
u a
Present study
Srisawad and Wongwises[18]
Figure 18 Air Nusselt number versus air Reynolds number for
different studies.
58 A. Gomaa et al.6.1. Bare spirally coiled tube (innermost inlet ﬂow direction and
different tube pitches)
fa ¼ 6:41 105Re0:34a Re0:47w b0:21 ð14Þ
Nua ¼ 3:28Re0:42a Re0:55w b1:43 ð15Þ
Correlations (14) and (15) could predict the present data with-
in a standard deviation of 15% and 14%, respectively, and
they are applicable for the following conditions:
ð35; 500  Rea  245; 000Þ; ð5700  Rew
 25; 300Þ; and ð0:027  b  0:04Þ6.2. Bare spirally coiled tube (outermost inlet ﬂow direction
and different tube pitches)
fa ¼ 6:67 105Re0:33a Re0:47w b0:22 ð16Þ
Nua ¼ 0:008Re0:36a Re0:4w b0:615 ð17Þ
Correlations (16) and (17) could predict the present data with-
in a standard deviation of 13% and 15%, respectively, and
they are applicable for the following conditions:
ð35; 500  Rea  245; 000Þ; ð5700  Rew
 25; 300Þ; and ð0:027  b  0:04Þ6.3. Finned spirally coiled tube (innermost inlet ﬂow direction
and different ﬁn pitches (Number of ﬁns))
fa ¼ 0:019Re0:66a Re1:92w N1:4610
4
F ð18Þ
Nua ¼ 0:01Re0:57a Re0:38w N0:17F ð19ÞCorrelations (18) and (19) could predict the present data with-
in a standard deviation of 17% and 9%, respectively, and they
are applicable for the following conditions:
ð35; 500  Rea  245; 000Þ; ð5700  Rew  25; 300Þ; andð24
 NF  72Þ7. Conclusions
In the present investigation the effects of curvature ratio, air
velocity, ﬂow direction, water mass ﬂow rate and ﬁn pitch
on the thermal performance of chilled-water spirally coiled
tube in cross ﬂow was examined experimentally. This type of
heat exchanger consists of spirally coiled ﬁnned copper tube,
with ﬁve turns. The effects of relevant experimental conditions
are investigated in wind tunnel test rig. The main conclusions
are summarized as follow:
 Decreasing the coil pitch increases the spiral coil length,
increases the heat transfer surface area and air heat transfer
coefﬁcients. However the enhancement of heat transfer is
on expense of pressure drop for the air side.
 The air heat transfer coefﬁcient when using innermost ﬂow
direction of chilled water is higher than the outermost ﬂow
direction. Also, the heat transfer per unit pumping power is
higher in case of using innermost ﬂow direction of chilled
water.
 Decreasing the ﬁn pitch (or increasing the number of ﬁns)
enhances both of the air heat transfer coefﬁcient and the
effectiveness of spirally coiled tube, however increases the
air pressure drop.
 The increasing of water mass ﬂow rate participate a signif-
icant effect on the air-side heat transfer coefﬁcient at the
same air velocity.
 A set of empirical correlations for predicting the friction
factor and the average Nusselt number for air ﬂow across
the spiral coils have been derived. These correlations are
dependent on air Reynolds number Rea, water Reynolds
number Rew, curvature ratio b, and number of ﬁns Nf.
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